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Herpes simplex virus type 1 (HSV-1) enters sen-
sory neurons and can remain latent there until reac-
tivation. During latency restricted HSV-1 gene
expression takes place in the form of latency-asso-
ciated transcripts (LAT). LAT has been demonstrated
to be important not only for latency but also for reac-
tivation, which may cause cranial nerve disorders.

Tissue sections of the trigeminal ganglia (TG),
geniculate ganglia (GG), and the vestibular ganglia
(VG) from seven subjects were examined for the
presence of LAT using the in situ hybridization tech-
nique. LAT was found on both sides in all TG (100%),
on both sides of five subjects (70%) in the GG, and
in none of the VG. Using a second more sensitive
detection method (RT-PCR), we found LAT in the VG
of seven of ten other persons (70%).

This is the first study to demonstrate viral latency
in the VG, a finding that supports the hypothesis that
vestibular neuritis is caused by HSV-1 reactivation.
The distribution of LAT in the cranial nerve ganglia
indicates that primary infection occurs in the TG and
GG and subsequently spreads along the facio-
vestibular anastomosis to the VG.

Introduction
Herpes virus simplex type 1 (HSV-1) has been linked

to a variety of clinical syndromes of the nervous system.
After primary infection of the epithelium (stomatitis
aphtosa), HSV-1 enters the axon terminals and is carried
by axonal transport to sensory neurons of the human
trigeminal ganglia (TG), where it can become latent.

Demonstration of viral DNA does not prove the latency
of HSV-1; it is necessary to ascertain viral transcription
of the latency associated transcript (LAT), which accu-
mulates in the nuclei of sensory neurons (30). Certain
stimuli can reactivate HSV-1 by switching its viral state
from latent to lytic. This change is reflected by the tran-
scription and expression of all viral genes.

The in situ hybridization technique has been used to
demonstrate LAT in neurons of the human TG (9, 10)
and the geniculate ganglia (GG) (18). An attempt to
demonstrate LAT in vestibular ganglia (VG) proved
unsuccessful (17). No other studies have focused on this
issue, although genomic HSV-1 DNA has consistently
been detected in the VG of a high percentage of humans
(2, 17, 29).

The major aims of the present study were to prove
whether LAT can be determined in the VG by using a
more sensitive method and whether the distribution of
LAT differs in the three cranial nerve ganglia on both
sides of a single person.

An affirmative answer to the first question would
support the hypothesis that vestibular neuritis, the third
most common cause of peripheral vestibular vertigo, is
due to reactivation of HSV-1 in the VG. An answer to
the second question would elucidate whether viral
spreading occurs from the GG to the VG or along a pre-
formed anatomical anastomosis. Both answers would be
of clinical significance.

Material and Methods
The Ethics Committee of the Medical Faculty of the

Ludwig-Maximilians University of Munich approved
the use of autopsy samples for the present study.

TG, GG, and VG of both sides were removed from
seven subjects (19 to 80 years old) 6 to 24 h after death.
In a second experiment RT-PCR was performed on only
the VG from ten other persons (aged 22 to 58). The
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cause of death of the subjects in the study was related to
trauma; none of them had lesions suggestive of an active
orolabial herpes infection. They also did not have a his-
tory of having had cranial nerve disorders.

The in situ hybridization technique and the reverse
transcription polymerase chain reaction (RT-PCR) were
used concurrently to detect viral RNA, which indicates
latency in the VG.

For in situ hybridization the ganglia were frozen
immediately in Tissue tek® compound (Sakura, Zoeter-
woude, The Netherlands) on dry ice. The 10-�m sec-
tions were cut and mounted on positively charged slides
(SuperFrost*/Plus®, Menzel, Braunschweig) and stored
at -20°C until use. 

A synthetic gene (HSV-1 nucleotide positions
119,195 to 120,029) assembled using HPLC- and
PAGE-purification oligonucleotides and a 285-bp PCR
product (HSV-1 nucleotide position 120704 to 120898)
were individually cloned into the pGEM-T Easy plas-
mid (Promega, Mannheim) containing the SP6 and T7
bacteriophage RNA polymerase promoters. A 347-bp
fragment of a stable LAT intron (HSV-1 nucleotide posi-
tions 119,628 to 119,978) cloned into plasmid ATD19
was kindly provided by T. Margolis (15). The 800 bp
RNA probe (P15) is complementary to the 5� end of the
LAT transcript and stretches the stable intron to the
potential LAT ORF1, whereas the 285 bp RNA probe
(P12) is complementary to the 3� end of the LAT tran-
script and spans the ORF2 and part of the ORF-ICPO
(32). The third RNA probe used (ATD19) stretched a
347bp fragment complementary to the stable intron of
LAT.

From the above described fragments RNA probes
were prepared by in vitro transcription using the DIG
RNA labeling kit (SP6/T7) (Roche Molecular Biochem-
icals, Mannheim). The appropriate RNA polymerase
(SP6, T7 and T3 in case of ATD19) was added to the
reaction mixture containing digoxigenin-labeled uridine
triphosphate (DIG-11-UTP). Single-strand RNA probes
were synthesized from either strand of the DNA tem-
plate according to the manufacturer’s instructions. The
antisense RNA probes were capable of hybridizing the
LAT transcripts, whereas sense RNA probes were used
as negative controls.

In situ hybridization. Tissue sections were thawed
and dried for 15 min at 50°C. The protocol used was
largely derived from those of Cunningham and DeSouza
(11). Briefly, sections were fixed in 4% paraformalde-
hyde for 20 min, proteinase-K digested (10 �g/ml) for
20 min, postfixed in 4% paraformaldehyde for 5 min,

and acetylated with 0.25% in 0.1 M triethanolamine.
Sections were washed in 2�SSC and then prehy-

bridized at 45°C for 1 h in prehybridization buffer (50%
formamide, 0.3M NaCl, 10mM Tris-HCL pH 8.0, 1mM
EDTA pH 8.0, tRNA 0.5mg/ml, dextran sulphate 100
mg/ml, 1� Denhardt’s solution).

RNA probes (10 ng/ml) were added to prehybridiza-
tion solution, applied to tissue sections, and allowed to
incubate at 45°C for 16 h. After hybridization, sections
were washed in 2�SSC and then treated with 2 �g/ml
RNase A (Sigma, Germany). Two washing steps were
carried out sequentially at 55°C in 2�SSC and 0.5�SSC.
The hybridized probes were detected using alkaline
phosphate conjugated anti-digoxigenin antibodies
included in the DIG Nucleic Acid Detection Kit (Roche
Molecular Biochemicals, Mannheim).

RT-PCR. VG of ten subjects were collected in
RNAlater™ solution (ams Biotechnology, Abington,
UK). Left and right VGs of each subject were pooled
and homogenized with Trizol® (Life Technologies, Karl-
sruhe). RNA was extracted according to the manufac-
turer’s instructions.

To ensure integrity of RNA, we performed standard
cDNA synthesis and subsequent PCR with primers spe-
cific for beta actin cDNA (b-actin1: 5�-CCTCGC-
CTTTGCCGATCC; b-actin2: 5�-GGATCTTCATGAG-
GTAGTCAGTC;) (27). First-strand cDNA was synthe-
sized from 5 �g of total VG RNA using oligo-d(T)12,
random hexamers (Roche Molecular Biochemicals,
Mannheim), and Moloney murine leukemia virus
reverse transcriptase (M-MLV) (Promega, Mannheim). 
The cDNA of all VG was amplified with primers
(ICP27a 5�-CGCCAAGAAAATTTCATCGAG; ICP27b
5�-ACATCTTGCACCACGCCAG [8]) specific for
immediate-early (IE) gene transcript ICP27. As a posi-
tive control cDNA from Vero cells infected with HSV-1
was used.

Since the major species of LAT are not polyadenylat-
ed (16), 5 �g of total VG RNA were hybridized to 0.5
�g of LAT downstream primer in a separate reaction in
order to detect LAT. First strand synthesis for all reac-
tions was carried out at 42°C as specified by the suppli-
er. Tenfold serial dilution of 1/10 of the RT products
synthesized with the LAT primer were amplified with
0.5 �g of each of the LAT primers (LATa 5�-
ACGAGGGAAAACAATAAGGG; LATb 5�-GACA-
GCAAAAATCCCCTGAG [21]). In addition, 1 �g of
RNA of each sample was amplified directly with the
LAT primer pairs without RT to ensure that the signal
detected by RT-PCR was not due to DNA contamination
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of the RNA sample. As a further control for RNA puri-
ty, selected RNA samples were also DNase treated (20
U/5�g RNA) (DNase I, Roche Biochemicals,
Mannheim). 

RNA from a TG positive by in situ hybridization was
used to establish the LAT RT-PCR. The PCR was per-
formed with 35 cycles of denaturation at 94°C for 1 min,
annealing at 55°C for 2 min (for LAT primers), at 60°C
for 1 min (for the ICP27 and beta-actin primer), and
extending at 72°C for 2 min.

PCR products were separated in 1.5% (for LAT) and
2.5% (for ICP27) agarose gels.

Results

In situ hybridization. A positive hybridization signal
for LAT was detected in all TG, in most GG, but in none
of the VG. LAT was always found bilaterally. No differ-
ence in the spread of LAT was apparent in the right and
left ganglia of the same person. Positive cells occurred
in small clusters throughout multiple sections of the
same ganglion of the TG (Figure 1 a, b), whereas single
discrete positive cells were a common finding in the
GG. Small clusters of positive cells were found in the
GG of only three subjects (Figure 1 c, d). The signals
were less abundant when the P12 probe was used rather
than the ATD19 and P15 probes, but the pattern of the
hybridization signal remained the same for all three
probes.

LAT RT-PCR. The in situ hybridization in the bilat-
eral VG of seven subjects was negative. To detect the
accumulation of LAT at a higher level of sensitivity, we
applied the RT-PCR technique to the VG of ten other
subjects. The expected 195 bp band was present in
seven of ten tested pairs of vestibular ganglia (Figure 2).
The experiments were run twice with the respective
controls. RNA of the corresponding samples without
reverse transcription was amplified with the LAT
primers and was found to be negative (data not shown).
Samples treated before the RT reaction with RNase free
DNase I gave the same results as without the DNase
treatment. Furthermore, RNA from muscle tissue was
transcribed and amplified with the LAT primers. No
amplifiable product was found in the muscle sample
(Figure 2).

ICP27 RT-PCR. A definitive confirmation that the
virus is in a latent state is the absence of lytic viral tran-
scripts. Products of the immediate-early genes are
essential for transcriptional activation of early and late
genes and ultimately for virus growth and the lytic
cycle. The ICP27 transcript plays a key role in initiating
the productive cycle (23). No amplifiable ICP27 tran-
script could be detected in the poly-A RNA fraction of
the VG from ten subjects. As expected, no amplifiable
product was detected in the negative control (muscle
sample). The 63bp ICP27 product was detected only in
the cDNA samples of Vero cell infected with the HSV-1
strain (Figure 3).

Discussion
To determine whether reactivation of the HSV-1 is

indeed implicated in the etiology of cranial nerve disor-
ders, the transcriptional activity of the virus needs to be
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Figure 1. In situ hybridization using the ATD19 probe in the TG
(ab) and GG (cd). Clusters of positive neurons (arrows) were
found in the TG (A) (original magnification �200) and GG (C)
(original magnification �100). The positive hybridization signal
is confined to only the nuclei of ganglionic neurons in the TG
(B) (�400) and GG (D) (oil immersion)

Figure 2. LAT RT-PCR results for the VG. Lanes 1 to 10 repre-
sent cDNA samples from the VG of ten subjects. A 195 bp prod-
uct was obtained in seven of ten samples. Lane 11 shows the
positive control (cDNA from a TG positive for LAT by in situ
hybridization). Lane 12 shows the negative control (cDNA from
muscle tissue) and lane 13, the water control. M represents the
pUC mix maker, 8 (MBI Fermentas, Germany).



established in vivo. Demonstration of viral LAT indi-
cates that the virus is in a latent state and viral genomes
are available to reactivate a productive infection (32).
Thus far, reactivation of HSV-1 from the TG has been
shown to cause recurrent herpes labialis (3, 4, 9, 10).
There is also compelling evidence that reactivation from
the GG causes idiopathic peripheral facial palsy (Bell’s
palsy) (1, 18, 24, 26).

Latent HSV-1 in the VG. In the present study we
demonstrated for the first time the presence of LAT in
the VG. Since we did not detect other viral transcripts
essential for the lytic state in these VG, the HSV-1 was
almost certainly in a latent state. This finding strength-
ens the hypothesis that vestibular neuritis is caused by a
reactivation of latent HSV-1 from the VG. Until now
this hypothesis was based only on temporal bone stud-
ies, which revealed that changes in the vestibular nerve
were similar to those usually seen in viral infections (25,
28), and on studies that detected genomic HSV-1 DNA
in the VG (2, 18). Additional support derives from ani-
mal studies that demonstrated HSV-1 antigen in the VG
and vestibular nerve of mice experimentally infected
with HSV-1 (12, 19) and an electron microscopy study
that found virus-like structures in the human VG (20).

Using the in situ hybridization technique, we were
not able to detect LAT in the VG, but we did readily
detect LAT by RT-PCR in the non-poly (A) RNA frac-
tion. The low levels of RNA are not of importance for
reactivation, since experimental studies have shown that
reactivation can occur in infected neurons that express
very low levels of LAT (13). A low accumulation of
LAT suggests the presence of a distinctive mechanism
that regulates and processes LAT in the neurons of the
VG. This agrees with findings of recent studies that LAT
synthesis differs in certain neurons depending on the
host transcription factors (7, 33). Moreover, a smaller
amount of LAT and a different processing method could
influence the pathophysiology and clinical manifesta-
tion of a reactivation in the VG. In this connection it is
interesting that inflammation in Bell’s palsy can be reg-
ularly demonstrated by gadolinium–diethylenentri-
amine enhancement, whereas in another study (31) con-
trast enhancement could not be demonstrated in 60
patients with vestibular neuritis.

Distribution of latent HSV-1 in the cranial nerve
ganglia. The second aim of our study was to determine
how LAT is distributed in the cranial nerve ganglia.
First, in contrast to previous studies (10, 17, 18) we
found LAT in far more ganglia (100% in TG and 70% in

GG by in situ hybridization and 70% in VG by RT-
PCR). Again, this higher number of positive ganglia can
be explained by the use of frozen tissue samples, since
RNA is better preserved in frozen tissue than in paraf-
fin-embedded tissue. Second, the tested subjects showed
bilateral infection of the TG and GG. Due to the small
amount of RNA in the VG, the RNA was pooled for
each individual for RT-PCR. For this reason we cannot
draw any conclusions about the side of distribution of
LAT in the VG. 

A recent study (8) also reported that HSV-1 infects
both sides of the TG equally. Using real time PCR, the
authors found that the number of HSV-1 genomes did
not significantly differ between the left and right TG of
the same individual. However, they found that LAT
expression on the left and right sides varied greatly.
Although the techniques used in our study were not suit-
able for quantifying LAT, we assume that the relative
expression of LAT also varied in our subjects.

A variation in the level of LAT expression in the left
and right cranial nerve ganglia may account for unilat-
eral reactivation of HSV-1, since HSV-1 would reacti-
vate more rapidly from the side with greater LAT
expression. Reactivation could still occur in the coun-
terpart ganglion, but no damage or clinical disease
would be apparent because of the immune response
already mounted. However, data from experimental ani-
mal studies on the quantity of LAT and reactivation fre-
quency are still controversial (6, 14, 22).

The LAT probes used for in situ hybridization
mapped to three distinctive regions of the LAT gene
which span three putative open reading frames. Since
the pattern of the hybridization signal stayed the same
with all LAT probes, we assume that there is no change
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Figure 3. ICP27 RT-PCR results for the VG. Lane 1 shows the
positive control (cDNA from Vero cells infected with HSV-1 wild
type). Lane 2 shows the negative control (cDNA from muscle
tissue). Lanes 3 to 12 represent cDNA samples of the VG of the
ten subjects tested for LAT, and lane 13 shows the water con-
trol. The 63bp ICP27bp product was detectable only in the pos-
itive control (lane 1). M represents the ��174 DNA-Hae III
Digest marker (New England BioLabs, Germany).



in the splicing or transport activities of the LAT in the
neurons of the TG and GG.

Our finding that the signals of LAT decreased from
the TG (highest) to GG and VG (lowest) is compatible
with the hypothesis that HSV-1 migrates along the lin-
gual nerve to the TG and GG, where it becomes quies-
cent (see Figure 4). When reactivating from these sites,
HSV-1 could migrate in two different directions: 1)
along the lingual nerve back to the oral mucosa and/or
2) along the the facio-vestibular anastomosis to the VG
(2, 5). HSV-1 might also spread concomitantly to all
cranial ganglia, and the differences in the LAT signals
could be due to the different number of susceptible neu-
rons in these ganglia. To obtain more information on
viral spreading, in situ PCR or in situ RT-PCR needs to
be applied for viral detection in the VG. Moreover, a
combination of this technique and immunohistochemi-
cal staining, which can detect the neuron types that har-
bor latent viruses, could reveal more information about
the predilection of the latent virus for certain neurons
and indirectly about the host cell factors involved in the
regulation of viral gene expression. A recent study (33)
showed that only a few neuronal phenotypes permit the
establishment of latent infection. Thus, a better charac-
terization of the anatomical site of infection could pro-
duce evidence that certain neurological syndromes men-
tioned in this study are caused by the reactivation of
HSV-1 from the respective ganglia.
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